With the increasing variety of snack foods containing probiotics infiltrating the market, it is important that consumers become more aware and knowledgeable about these products. The aim of the current study was to investigate potential consumers' behavior by assessing knowledge about probiotics, awareness of snack foods containing probiotics, and frequently consumed snacks among student college departments within a university setting. Participants included 125 college students (n = 34 male, n = 91 female), all 18 years and older, and evaluated via a 19-item questionnaire using descriptive statistics, one-way analysis of variance (ANOVA) and Gabriel's post hoc test. Level of significance was set at p ≤ 0.05. There was a statistically significant difference in knowledge about probiotics among the student college departments, p = 0.012. Specifically, students in the College of Health and Human Services (CHHS) were statistically significantly more knowledgeable than those in the Science, Technology, Engineering and Mathematics (STEM) college, p = 0.010. There was no statistically significant difference in awareness of snack foods containing probiotics, p = 0.262. On average, participants' knowledge about probiotics was low (48.1%) and awareness of snack foods containing probiotics was very low (2.5%), though, a majority of participants (94.1%) were aware that yogurt may contain probiotics. Overall, these findings should guide food product developers and marketers to create products that are relevant and messages that enhance consumers' knowledge and awareness to the existence of the probiotics in that product.
. These various health benefits, in addition to the research supporting probiotics strain stability and convenience, may help explain for the increase in probiotic consumption over the years (Champagne et al., 2005; Kumar et al., 2015) .
According to literature (Al-Nabulsi et al., 2014; Stancak and Heuberger, 2009) , although there is a wide range of probiotic choices commercially available, consumers may lack awareness and knowledge about probiotics. Awareness implies consciousness of something, while knowledge represents clear and certain mental apprehension (Rettie, 2003) . In other words, a person can be aware of probiotics, but not know what they are, or vice versa (Christiansen & Maglaughlin, 2003) . One study found that more patients were familiar with the term "probiotics" (43%) than they were knowledgeable about probiotics (20%), such that they could correctly define the term from a list of responses (Betz, Uzueta, Rasmussen, Gregoire, Vanderwall, & Witowich, 2015) . And still, consumers have a difficult time identifying probiotic foods. When Stanczak and Heuberger (2009) asked participants to identify food sources that may contain probiotics (e.g., yogurt and milk), 54.6% instead answered "don't know." Another study performed by Al-Nabulsi et al. (2014) found that a large number of participants (97.5%) did not consume probiotics because they were "unaware" of what they are. While probiotic yogurt accounts for 78% of all probiotic sales worldwide, it is also considered as one of the most common foods that consumers associate with probiotics (Granato, Branco, Nazzaro, Cruz, & Faria, 2010; Payahoo et al., 2012; Stancak and Heuberger, 2009) . It is, therefore, important to further study consumers' extent of awareness and knowledge about probiotics, as it may unintentionally minimize consumers' options and sales among food product companies.
Furthermore, focusing on consumers' awareness and knowledge are two behavioral data points that link to behavioral segmentation which is essential in tailoring products to meet the needs of consumers (Fieldboom, 2018) . Behavioral segmentation stems from marketing segmentation which allows companies to divide the market into groups or segments based on distinct needs or wants (Djokic, Salai, Kovac-Znidersic, Djokic, & Tomic, 2013) . By assessing a consumers' awareness to the existence of a product and knowledge of its full benefits, it will help determine what promotional materials and messaging are needed (Sunderland, 2017) . And so, further research is needed to identify consumers' awareness toward snack foods that have been found to be potential carriers of probiotics and knowledge about probiotics. Additionally, identifying most frequently consumed snacks is a predictable assessment that allows researchers to keep up-to-date with commonly snacked foods and their positioning as a potential probiotic product. The current study will focus on college students, due to its convenience in sampling. The purpose was to better understand consumer behaviors to allow marketers to develop messages that enhance knowledge and awareness of probiotics which may ultimately optimize consumer options.
Method

Hypothesis, Participant Characteristics, and Sampling Procedure
The current study assessed students among college departments within a university setting by analyzing their knowledge about probiotics, evaluating their awareness of snack foods containing probiotics, and determining their top five frequently consumed snacks per week using a beverage and snack questionnaire (BSQ). The current study hypothesized that there would be no statistically significant difference in the target population's (i.e., student college departments) knowledge about probiotics, or awareness of snack foods containing probiotics.
Institutional Review Board (IRB) approval (1237262-2) was obtained prior to commencement of the study. Participants (n = 34 male, n = 91 female) were recruited through snowball and convenience sampling and screened based on the inclusion criteria for their status as college students and at least 18 years of age. A multiple-choice questionnaire of 19-items was administered to eligible participants via version 2018 of Qualtrics. An informed consent was obtained from each participant and all participants were completely anonymous.
Demographics and Knowledge about Probiotics
The demographic questions included information about gender, age, ethnicity, education level, and college (i.e., arts, business administration, education, engineering, health and human services, liberal arts, natural sciences and mathematics, and continuing and professional education). To assess knowledge about probiotics, the participants were asked to answer nine multiple choice questions, plus an additional question on familiarity, addressing basic concepts of probiotics.
Awareness of Snack Foods Containing Probiotics
To assess the participants' awareness of snack foods containing probiotics, they were asked to select how many visually represented snacks they believe may contain probiotics. There were eleven pictures in total of snack foods that have all been examined with respect to their potential in carrying probiotics (Douglas & Sanders, 2008; Kumar et al., 2015) . The included items were sauerkraut, chocolate, cereal, vegetable juice, fruit juice, pickles, yogurt, cheese, pudding, soy milk, dry sausages and one option listed as "none of the above."
Beverage and Snack Questionnaire (BSQ)
The BSQ was adapted from the Supplemental Nutrition Assistance Program Education (SNAP-ed) Evaluation Framework Interpretive Guide which the Fred Hutchinson Cancer Research Center (2010) developed; instruments were similar to those described by Cock et al. (2016) . The BSQ assessed participants snack frequency with a reference period of one week. The six frequency categories were: never or less than one per week; one per week; two to four per week; five to six per week; one per day; two or more per day. The BSQ included a total of 35 beverage and food items which were selected according to the snack categories commonly illustrated on grocery store websites. The beverage items included the following: fruit and vegetable juices, carbonated beverages, coffee, hot tea, iced tea, drinks such as energy, sports, powdered mixes, milk substitutes, dairy, smoothies, hot cocoa as well as cocktails, beer/wine/spirits. Snack food items included the following: chips, nuts/trail mixes, cookies, crackers, popcorn, dips/spreads, granola bars/snack bars, dried meats, fruit snacks, pretzels, dried fruit/dried vegetables, pudding/gelatin, yogurt, fruit cups/fruit sauces, rice cakes, snack cakes, gums/mints, candies, chocolate and ice cream.
Questionnaire Validity
Prior to distribution of the questionnaire, an expert panel of credentialed faculty members reviewed the survey items and provided feedback. Good internal validity was demonstrated by the expert panel results.
Data Analysis
Data from the current study was analyzed using the International Business Machine (IBM) Statistical Package for the Social Sciences (SPSS), Version 24. Descriptive statistics (i.e., frequency and mean scores) were used to analyze all variables for demographic data, frequency of consumed snacks, knowledge about probiotics, and awareness of snack foods containing probiotics. One-way analysis of variance (ANOVA) was used to determine whether there were any statistically significant differences (p ≤ 0.05) among the student college departments, age (18-50 years old), and ethnicity regarding knowledge about probiotics and awareness of snack foods containing probiotics. The Gabriel's post-hoc test was used to confirm exactly which student college department had significant differences. The independent samples t-test was used to determine whether there was a statistically significant difference (p ≤ 0.05) between the means in gender and degree level on knowledge about probiotics and awareness of snack foods containing probiotics.
Results and Discussion
General Demographic Characteristics of the Study Population
In the current study, participants were recruited between the months of June and July in the year of 2018 from several college departments within a university setting and was based on convenience sampling. Specifically, the participants (n = 125) were college students, mainly undergraduates (79.0%) as presented in Figure 1 , and predominantly female (Figure 2 ). Age groups of the participants ranged from 18-50 years old, with most of them being between the 21-24 years old range (Figure 3) . With regards to their ethnicity, most of the participants were Hispanic/Latino (31.2%) followed by White American/Caucasian (28.0%), Asian/Native Hawaiian/Pacific Islander (25.6%), African American/African/Black/Caribbean (8.0%), and other (7.2%). Participants were originally surveyed and categorized according to their college department (Figure 4) . In order to appropriately perform statistical analysis, the categories were repositioned so that population size was more equally distributed across all categories. The college departments that were smaller in numbers were combined into categories of similar college departments, while larger college departments were able to remain as their own category. In brief, the revised college department categories consisted of 32. 
Knowledge about Probiotics
There was a statistically significant difference in knowledge about probiotics on the different college departments, p = 0.012. More specifically, Gabriel's post-hoc analyses revealed that CHHS students were statistically significantly (p = 0.010) more knowledgeable about probiotics than students in STEM. A similar trend was observed in the study by Al-Nabulsi et al. (2014) in which probiotic knowledge was significantly influenced by the students' study major and particularly higher among health science students compared to those in basic sciences, engineering and others. Payahoo et al. (2012) also found significant differences across majors, in which pharmacy and nutrition reported a higher level of knowledge than other majors. These differences in knowledge about probiotics across the college departments reject the null hypothesis, and may be due to the differences in curriculum and exposure to updated nutritional findings from faculty as well as colleagues.
While there were no statistically significant differences (p = 0.616) between ethnicity on the students' knowledge about probiotics, there was a significant difference found among the age ranges (p = 0.006). To illustrate, Gabriel's post-hoc analyses revealed that 25-30 year olds were statistically significantly (p = 0.033) more knowledgeable about probiotics than 21-24 year olds. Another statistically significant effect was found in degree level (p = 0.006, r = 0.25; Pearson's correlation is denoted by r in which 0.10 -0.29 indicates a small effect), in which graduate students scored higher on knowledge about probiotics than undergraduate students. It could be implied that differences in educational levels may be related to additional courses taken by graduate students and not undergraduate students. There was also a statistically significant effect of gender (p = 0.035, r = 0.13; indicating a small effect), by which females scored higher on knowledge about probiotics than males. Furthermore, the effect size indicated that beyond statistical significance, there was a meaningful difference between knowledge about probiotics on degree level and gender. Al-Nabulsi et al. (2014) similarly found a significant difference in knowledge about probiotics and gender, by which female students' knowledge was better than male students; yet, did not find a statistically significant difference (p = 0.784) between knowledge about probiotics and educational level. The differences between gender may be related to the differences in perception of healthiness and willingness to try functional foods (Ares & Gambara, 2007) . Ares and Gambaro (2007) ) further found that women were able to perceive healthiness better than men when considering concepts about functional foods, such as probiotic yogurt.
Moreover, it was observed that the majority of participants correctly defined the term probiotics (96.8%) and its health benefit (84.0%) (Figure 6 ). Yet surprisingly, only 69.6% were able to accurately identify probiotic food sources. It was also observed that students were less knowledgeable about probiotic questions that were more specific. This may imply that consumers are least likely to choose a food containing probiotics, despite their ability to define the term. For this reason, it is important for food product developers to create transparent messages and clearly label food products if probiotics are present in them. This is especially important for novel or non-dairy products in which consumers would not expect probiotics to exist in. When comparing the current study results to other studies, differences were found. To illustrate, participants sampled from the general public, were less able to identify the term probiotics (43.7%) compared to the current study that sampled students (96.8%) (Stanczak & Hueberger, 2009) . This difference may be environmental (i.e. students vs. non-students) in which the participants from the study, being students, may have been more up-to-date on research and informed about certain topics related to probiotics. Meanwhile, when comparing the current study to student-based studies, there were contrasting results. The high percentage (96.8%) of those that correctly defined the term probiotics in the current study was similarly high among medical science students (83%), yet drastically lower among other college students (7.0%) (Al-Nabulsi et al., 2014; Payahoo et al., 2012) . This may be due to differences in questions used and other influencing factors such as level of degree.
Awareness of Snack Foods Containing Probiotics
In the current study, there was no statistically significant effect of the different college departments on awareness of snack foods containing probiotics (p = 0.262), which failed to reject the null hypothesis. There were no statistically significant differences in age range (p = 0.097), ethnicity (p = 0.067), degree level (p = 0.077) or gender (p = 0.144) on awareness of snack foods containing probiotics. Gender, however, did represent a small-sized effect (r = 0.13), indicating a type II error (also known as a "false finding") as there seems to be a meaningful difference in awareness between genders. In contrast, Al-Nabulsi et al. (2014) found a statistically significant difference in awareness between genders, in which females were significantly more able than males to correctly identify yogurt (p = 0.033) and milk (p = 0.044) as commonly available forms of probiotic products. Briefly, experimental data showed that participants were most aware of yogurt (94.4%) containing probiotics, followed by cheese, soy milk, sauerkraut, vegetable juice, pickles/pudding/fruit juice, chocolate, cereal, and dry sausages (Figure 7) . These results are consistent with a study by Payahoo et al. (2012) in which most of the students (72.9%) reported yogurt and other dairy products as commonly available sources of probiotics. Interestingly, Al-Nabulsi et al. (2014) found that college students who were aware of probiotics obtained their information mostly from college courses, followed by television commercials, television programs, healthcare providers and magazines or newspapers. This may emphasize that college students may be more likely to be aware of foods containing probiotics than the general public considering school was considered the main source of information. Figure 6 . Awareness of snack foods containing probiotics ranked in order from most to least aware
General Knowledge about Probiotics and Awareness of Snack Foods Containing Probiotics and Familiarity
Overall, the experimental data indicated that there was a lack of knowledge about probiotics and awareness of snack foods containing probiotics among college students. Out of all the questions assessing their knowledge, on average, students answered 48.1% of the questions correctly. In relation to questions of awareness, on average, students only answered 2.5% of the options provided on snack foods containing probiotics. Both awareness and knowledge scores were low and demonstrate the need for educating and developing marketing tactics to raise knowledge and awareness. Furthermore, most respondents were "somewhat familiar" (40.8%) followed by those that were "familiar" (34.5%), "very familiar" (12.8%), "extremely familiar" (10.4%), and "not familiar" (1.5%). Those that were "not familiar" was defined as not having heard of the term probiotics before. This percentage was very small compared to another study who found 32.9% of participants that had not heard of the term probiotics before (Chin-Lee, Curry, Fetterman, Graybill, & Karpa, 2014) . This may be due to differences in level of education, by which all of the current study participants were current college students compared to those that had varied levels of education, some not having obtained a high school diploma/GED (25.6%).
Beverage and Snack Questionnaire (BSQ) per Week
From the data analysis, it was observed that the five most frequently consumed snack foods using the BSQ per week were nuts (73.6 %), > coffee (70.4 %), > dairy (69.6 %) > granola (66.4 %), > chips (60.8%) ( Figure 5 ). The popularity of salty snacks, including nuts and chips, can be supported by other research. To illustrate, Piernas and Popkins (2010) showed that between 1977 and 2006, there was an increased intake in salty snacks, chips, and nuts. In 2014, salty snacks (i.e. nuts, chips, popcorn, and crackers) were also found to be ranked the top category of snack foods (Bartelme, 2016) . This may be related to consumers valuing the taste of salty snacks more than their nutrition (Mintel, 2015) . It is interesting to note how snacking selections have changed over time. In contrast, in 1980, Khan did not find nuts to be a common snack among college students, and that fruit was a most common snack. Yet, Piernas and Popkins (2010) research showed that intake of nuts had increased, while other snacks such as fruit have slightly declined since 1977. The results from past research and the current study demonstrates the importance of keeping up-to-date on research and assessing consumers' behavior in relation to the positioning and marketing of snack foods, especially those with added benefits such as probiotics. Snacking selections may also differ from region to region, as in the example of fruit being the most common snack in Brazil, despite its decline in the U.S (Duffey, Rivera, & Popkin, 2014) . 
Limitations
It is important to consider the limitations of the current study since the sample size was small and not representative of the entire college student population or general public. This may limit the analysis of students' current knowledge and awareness, compared to using a greater and more diverse sample. Using the BSQ was another limitation, as it relies on the participant's memory rather than the actual frequency intake. Also, the questionnaire was not tested for reliability which is important for internal consistency.
Future Recommendations
As researchers continue to study which foods may source probiotics, nuts and other frequently consumed snacks could be the focus according to the experimental results of the current study. It also supports the idea of behavioral segmentation, in which food product developers create innovative items based on the studied consumer behaviors. In relation to differences in knowledge about probiotics, an adjustment in curriculum or increase in the number of basic food science and nutrition courses offered may increase and balance the level of knowledge among students within various college departments. To help increase awareness of snack foods containing probiotics, marketing may focus on enhancing recognition by utilizing advertisements, public relations, and promotion to increase the impact and knowledge about probiotics. In conclusion, the results of the current study may help food product developers and marketers create messages that are relevant and will resonate with the consumer to increase the impact of their product in terms of potential health benefits.
